Purpose. Goniometric smartphone applications to measure joint angles offer greater practicality and accessibility, which makes them potential alternatives to a conventional goniometer. The aim of the present study was to evaluate the intra-and interexaminer reliability in measuring the angles of the range of motion of the knee with the use of the ROM© goniometric smartphone application. Method. The total of 34 young healthy women with an at least 20° limitation in knee extension range of motion participated in the study. Angular measurements of knee flexion in the dominant leg were performed with the aid of the smartphone application by three trained examiners for the evaluation of the inter-examiner reliability. The second evaluation was carried out after a 48-hour period for the determination of the intra-examiner reliability. Conclusions. The findings reveal that the ROM© goniometric smartphone application can be considered a useful tool for the evaluation of the knee range of motion in healthy women.
Introduction
Thousands of applications in the fields of health and fitness are currently available on the market, including goniometric applications for measuring the range of joint motion [1] . Such applications ensure greater practicality and accessibility during physical evaluation [2] in a wide range of fields and offer advantages in terms of usability, with fewer technical difficulties [3] .
Goniometric applications are based on the use of an accelerometer, gyroscope and magnetometer to transform the motion of body segments into numeric values, providing instantaneous readings [2] . Therefore, this new resource can become a fundamental tool, since the measure of range of motion is an important variable in physiotherapeutic evaluations for the establishment of joint functionality [4] .
Owing to the importance of measures of joint movements for decision making during physiotherapeutic treatment, the reliability of the tools employed is an important aspect of precise evaluation [5] . Thus, such tools need to be submitted to thorough testing prior to their usage in clinical practice [6] . The use of novel clinical evaluation methods depends on the determination of the degree of inter-and intra-examiner reliability, as well as the degree of specificity in the measures of the equipment to be used [7] . The measurements should be performed in a standardized manner to enable comparisons during treatment and the presentation of the results to other health professionals [8] .
Studies involving goniometric smartphone applications indicate a high degree of reliability for the knee in patients submitted to joint reconstruction surgery [3] , in the comparison of experienced and novice examiners [6] and among inexperienced examiners [9] . Good to excellent reliability has also been found for the measurement of the range of motion of other joints with the use of smartphone applications [10] [11] [12] [13] [14] [15] [16] . While studies have demonstrated that smartphone applications are reliable for use in research and clinical practice [3, 6, [9] [10] [11] [12] [13] [14] [15] [16] , there is a wide diversity of goniometric applications to be tested. According to Milani et al. [1] , further studies are needed for the validation of these applications for different joints and conditions.
The aim of the present study was to evaluate the intraand inter-examiner reliability regarding the use of the ROM © smartphone goniometric application for angular measures of the knee in healthy women, since no study on this application has previously been published.
Material and methods

Participants
An analytical, correlational, blind, cross-sectional study was conducted with a sample of 34 young, healthy females (mean age: 21 ± 2 years; mean height: 163 ± 5.5 cm; mean weight: 60.2 ± 10.1 kg; and mean body mass index: 22.7 ± 3.5 kg/m 2 ). The inclusion criterion was a minimum limitation of 20° for the ROM of final knee extension of the dominant limb, measured with a universal goniometer, with the volunteer in the supine position and the hip flexed at 90° [17] . Individuals with pain or any lower limb disorder that could affect the evaluation of knee ROM were excluded from the study. The data collection was part of another study of the same authors [17] concerning a smartphone application for range of motion measurement. This study received an approval from the ethics committee of the Universidade Estadual do Centro-Oeste, Brazil (approval number: 1.015.221).
Procedures and tools
The measurements were performed by three trained examiners on two different days with a 48-hour interval, at the Physical Therapy Teaching Clinic of the Universidade Estadual do Centro-Oeste, Brazil. All examiners underwent a process of familiarization one week prior to the data collection process. The participants were also acquainted with the test before each evaluation, in the leg contralateral to the one to be evaluated.
At the measurement of the angle of knee range of motion, the participant remained in the supine position, with the hip and knee of the dominant limb flexed at 90° (initial position: 0°), with the foot relaxed, and the contralateral leg extended ( Figure 1A) . The knee was then passively extended by the examiner until the participant reported the onset of tension in the posterior muscle of the thigh (final position) ( Figure 1B) ; this allowed to obtain the measures of the degree of knee flexors shortening.
The free ROM © goniometric application (v.1.4) for the Samsung Galaxy S5 smartphone ( Figure 2A ) was employed. The smartphone was positioned on the middle third of the anterior region of the shin [6] and held in place by the examiner during the movement from the initial position to the final position ( Figure 1 ). In the initial position, the examiner touched the smartphone screen to determine the 0° position. Then they moved the leg and touched the screen again in the final position to record the angle produced by the movement ( Figure 2B ).
The order of the evaluations performed by different examiners was determined randomly with the Random Number Generator Pro 2.15 © in a blinded fashion (the examiners were unaware of the other examiners' measurements). Each examiner carried out two evaluations, with a 30-second interval between measurements, and the mean of the two measurements was used for the analysis. In the pilot study, it was determined that more than two evaluations by three different examiners produced an increase in the flexibility of the posterior muscles of the thigh, which could exert an influence on the final results of the study.
Statistical analysis
The Shapiro-Wilk test and Levene's test were used to determine the normality and equality of variances of the data, respectively. On the basis of these tests results, the parametric statistical method was employed. 
B A
The comparison between the assessment tools was performed with the use of the paired t-test, with the level of significance set at 5% (p < 0.050).
The inter-and intra-examiner reliability was determined on the basis of the calculation of the intra-class correlation coefficient (ICC), with a 5% level of significance (p < 0.050), and the calculation of the 95% confidence intervals. The interpretation of the ICC was based on the Fleiss et al. pattern [18] ) was applied as a measure of the proportion of variability in one variable that is explained by the variability in another variable, demonstrating the predictive power of the associated regression line. The R 2 values range from 0 to 1, with values closer to 1 indicating that the proposed model is adequate for describing a given phenomenon [20] .
Bland-Altman [21] agreement analysis was also employed. Measures were considered to be in agreement when the bias (difference between measures) was less than 5°, which is regarded as the minimum measurable difference that can have a clinically relevant impact [22] , with the p-value > 0.050 and when 95% of the measures of the subjects were within the upper and lower limits of agreement [23] .
Results
For the intra-examiner data (Table 1) , the paired t-test revealed a significant difference only for the first examiner, who obtained a mean difference of 2.5° between the two days. The intra-examiner reliability was considered excellent (ICC > 0.80) for all examiners (p < 0.0001). E1 -first examiner, E2 -second examiner, E3 -third examiner, M1 -mean of the first day, M2 -mean of the second day, SD -standard deviation, r -Pearson's correlation coefficient, R 2 -coefficient of determination, ICC -intra-class correlation coefficient, 95% CI -95% confidence interval * p < 0.010 The Pearson's correlation coefficient indicated good intra-examiner correlation (r > 0.80; p < 0.001) and the mean coefficient of determination was 0.75, implying that 75% of knee flexion measured on the first day was explained by the variable analysed on the second day.
In the Bland-Altman analysis for intra-examiner results (Figure 3) , the bias differed from 0 only for the first examiner (p = 0.010; Figure 3A ), but the differences were less than 5° for all examiners. For the first examiner, 3% of the data exceeded the limits of agreement, whereas the proportion for examiners 2 ( Figure 3B ) and 3 ( Figure 3C ) was 5.8%. As the expected value was 5%, the results could be considered acceptable.
For the inter-examiner data (Table 2) , the paired t-test revealed no significant differences among the examiners (p > 0.050). The inter-examiner reliability was considered excellent (ICC > 0.90) for all examiners (p < 0.001). The Pearson's correlation coefficient indicated high interexaminer correlation (r > 0.90; p < 0.001) and the mean coefficient of determination was 0.91, implying that 91% of the degree of knee flexion measured by one examiner was explained by that measured by another examiner.
The Bland-Altman analyses indicated agreement among the data for five of the six analyses (bias: p > 0.050). Three of the six graphs demonstrated data exceeding 5% (data not shown), but the proportion was only 5.8% (Table 3) .
Discussion
The aim of the present study was to evaluate the reliability of knee flexion measurements performed in healthy women with the use of the ROM © goniometric smartphone application. Three independent trained examiners carried out the evaluations and achieved satisfactory precision, as demonstrated by the results of both intra-and inter-examiner reliability analyses.
With regard to the intra-examiner reliability, the t-test revealed a difference of 2.5° between the first and second day for examiner 1. However, small angular differences do not have a clinically important impact on the evaluation of joint movement [9] . Some researchers suggest that the minimum clinically relevant measurable difference is from 5° [22] to 10° [24] .
A strong point of the present study was the use of the agreement analysis proposed by Bland and Altman [21] , which has recently been suggested as the best way to evaluate agreement among data [23] , since correlation analyses quantify the degree by which two variables are related and may overestimate the results [25] . The BlandAltman analysis demonstrated good intra-examiner agreement, with a bias lower than that defined a priori (5º), ranging from 1.1° for examiner 3 to 2.5° for examiner 1. Although some measurements exceeded the established limit, the difference was small (5.8° rather than 5°) and could therefore be considered acceptable [23] . The same was found for the inter-examiner measurements, as five of the six analyses demonstrated no difference (p > 0.05) when compared with 0, and the bias ranged from 0° to 2°, with the upper and lower limits of agreement spanning less than 8°.
The present results demonstrated excellent intra-and inter-examiner reliability, as well as good to high cor- ). The present investigation is the first one to evaluate angular measurements of the knee with an application designed for any joint: ROM © for Android Samsung Galaxy S5.
With the aim of investigating differences among applications and operating systems, Kuegler et al. [27] compared the angular measurements of sixteen goniometric applications and two different operating systems using an irregular pyramid-shaped object with four sides and consequently four different angles. The applications performed in a similar manner for all measurements, with minimal variation; the iOS (operating system of Apple) had a maximum angular variation of 1.8°, and the Android (operating system of Google) presented a maximum angular variation of 1.3°. This demonstrates that the different operating systems used on Apple and Samsung and the different applications available exert little influence on the results of the angular measurements of an object. However, no studies have compared applications and operating systems for the evaluation of individuals.
The present study has limitations that should be addressed. The smartphone could have slipped out of position on the skin of the participant, since it was only held in place by the examiner. A support attached to the leg could reduce this problem, but would not adequately reflect clinical practice. The smartphone employed had less than one year of use and it is not possible to affirm that the angular measurements will remain reliable over a longer period of use because of the possibility of the device de-calibration. Finally, the findings can only be extrapolated to healthy young women and not to other populations.
On the basis of the procedures employed in the present study, the ROM © goniometric application for the smartphone can be used in clinical practice for evaluating the range of motion of the knee in healthy women, as demonstrated by the excellent intra-and inter-examiner reliability and good agreement.
